Introduction
During the Cenozoic, Africa and Europe converged, seafloor spreading took place in the Atlantic and, as a direct result of the convergence, numerous microplates in the Mediterranean area collided. This resulted in an intense igneous activity either related to subduction or to intra-plate geodynamics (Lustrino and Wilson, 2007) . Consequently, Tertiary-Quaternary volcanic fields are found throughout Southern, Western and Central Europe Lustrino and Wilson, 2007) , corresponding to the later phases of the Alpine orogeny and the Neogene collapse of the Mediterranean and Pannonian basins . The main phases of volcanic activity occurred during the Miocene and Pliocene, with Pleistocene activity restricted only to specific areas. A possible geodynamic origin has been evoked for explaining diapiric mantle upwellings beneath the European lithosphere (Granet et al., 1995; Kolb et al., 2012) . Hoernle et al. (1995) proved, using seismic tomography, the presence of a low S-wave-velocity anomaly, named Low Velocity Zone (LVC), extending from the eastern Atlantic to Central Europe. The LVC I interpreted as a common lithospheric mantle reservoir named European Asthenospheric Reservoir (EAR; Granet et al., 1995) .
Here, we studied the central eastern part of the Cantal volcano, located in the French Massif Central. This area is one of the largest volcanic provinces in the country, whose volcanic forms include Strombolian cones aligned along fissures (Chaine des Puys), extensive basaltic plateaus (Aubrac and Devès), and two large central volcanoes (Cantal and Mont Dore) . The Cantal volcano, equivalent in size of the Etna, was active between 13 and 3 million years ago. Numerous outcrops and the diversity of rocks emitted during its activity make it an ideal study site to investigate different magmatic processes affecting the composition of the volcanic rocks. Basalts from the Cantal stratovolcano are characterized by a significant change in their chemical composition over time, comparable to that observed for
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3 most intraplate basalts known on the Earth's surface. The volcanic rocks of the Massif Central consist of silica-saturated alkali rocks (olivine basalt, trachyandesite, trachyte, and rhyolite) and alkali-rich nepheline-normative rocks (basanite, tephrite and phonolite).
Geochronological dating and lithostratigraphic studies linked the changes recorded in chemical composition to a change in their mantle source during spreading, which occurred however during a short geological period of 3 to 4 million years. Niobium (Nb), thorium (Th) and tantalum (Ta) and their respective ratios are key elements, and changes in Nb or Th contents reflect the gradual change in chemical composition between infra-and supra-Cantal basalts, i.e. changes in the composition of the underlying mantle during the construction of the volcano. This led to the development of several models of heterogeneous mantle source to explain the Massif Central basalts (Stettler and Allègre, 1979; Downes, 1987; Granet et al., 1995; Hoernle et al., 1995; Downes et al., 2003) .
For several decades, the use of geochemistry comprising trace elements and/or radiogenic isotopes as natural tracers for investigating geological phenomena has been readily accepted by scientists scrutinizing processes that occur within the Earth (Allègre, 1982) . In that way, numerous Tertiary-Quaternary volcanic fields have been investigated in Southern, Western and Central Europe (Downes, 1987; Witt-Eickschen et al., 2003; Dautria et al., 2010; Kolb et al., 2012; Lustrino et al., 2012; 2013; Bosch et al., 2014 and references therein) . The present study investigated the Pb and Sr isotopes in rocks in the Allanche river drainage basin that drains part of the Massif Central (Fig. 1) . In this study, we measured Pb and Sr isotopes to identify their sources in rock over the recent lava flows of the Cantal volcano and discuss the processes generating this large basalt area.
Geology of the studied area
The Allanche basin in the Massif Central covers 160 km 2 with an elevation ranging from 1060 up to 1400 m a.s.l. (Fig. 1) . The Allanche River flows through the lava plateau between the Cantal and Cézallier volcanoes (De Goër de Hervé, 1972; De Goër de Hervé and Tempier, 1988; Brousse and Lefevre, 1990) . The main phase of volcanic activity within the Massif Central took place during the Late Miocene to Pliocene , dominated by eruptions from the Cantal (11-2.5 Ma) and Mont Dore (4-0.3 Ma), and by basaltic fissure eruptions in the Cézallier, Velay, Coirons, Aubrac and Devès areas. Volcanic activity resumed in some of the outlying areas of the massif (Causses, Sioule and Limagne), the youngest volcanic activity occurring in the Vivarais (12,000 yrs BP) and the Chaine des Puys (4,000 yrs BP). More specifically, the Cantal and Cézallier volcanoes were marked by two main periods of basalt emission: the Infracantalian (13-9.5 Ma) and the Supracantalian periods (6-3 Ma). The basalt composition ranges from alkali basalt to basanite, explained by variations in the degree of partial melting of a common mantle source (Granet et al., 1995; Pilet et al., 2005) .
The Allanche basin is underlain by alkaline basalt from three volcanic cycles: 8 to 5.4
Ma (Late Miocene), 5.4 to 3 Ma (Pliocene) and 240,000 to 6,000 yrs BP. The rocks in this basin comprise feldspathic basalt and basanite (De Goër de Hervé, 1972; De Goër de Hervé and Tempier, 1988; Brousse and Lefevre, 1990; Nehlig et al., 2001) . Feldspathic basalt has an SiO 2 content close to 46-49% and less than 5% of Na 2 O+K 2 O. The main mineral in these basalts is plagioclase (An 55-70) with normative nepheline, hypersthene and olivine. Basanite (nepheline-or leucite basalt) has a SiO 2 content of 41-45%, low Na 2 O+K 2 O (<5%), and modal or normative nepheline or leucite. The groundmass includes clinopyroxene and plagioclase (An 50-60).
Sampling and Methods
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5 Figure 1a shows the general location of the volcanic areas in the Massif Central, Figure 1b showing the basin configuration and the bedrock sampling points, corresponding lithologies are illustrated in Figure 1c . Pb following the method developed by our group and reported in Cocherie and Robert (2007) .
Chemical purification of Sr was done with an ion-exchange column (Sr-Spec) before mass analysis according to Pin and Bassin, 1992 ) with a total blank of less than 1 ng for the entire chemical procedure. After chemical separation, Sr was analyzed with a Finnigan 
Results
Lead and strontium isotope results obtained for seven rocks are given in Table 1 . The major oxide and trace element data from Négrel and Deschamps (1996) 
Discussion
Mantle source heterogeneity revealed by the Massif Central volcanism
Several mantle sources have been identified worldwide including depleted mantle (DM) and high U/Pb mantle (HIMU). The mantle is encompassed by just four components, or end Zindler and Hart (1986) ; Hart (1988) and review in Stracke (2012) . Considering the evolution of the oceanic lithosphere, Pilet et al. (2005) Chauvel and Jahn, 1984; Downes, 1987; Wilson and Downes, 1992; Dautria et al., 2004; Pilet et al., 2005; Hamelin et al., 2009) . Fractional crystallization and assimilation were shown to be an important phenomenon in the Massif
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Central volcanoes, particularly in the most differentiated trachyte and phonolite (Chauvel and Jahn, 1984; Downes, 1987) . For the less evolved basanite and alkali basalt, fractional
9 crystallization and assimilation cannot be ruled out (Downes, 1987) , as can be seen in the concentration of selected incompatible elements or in the consistency of ratios like the Rb/Sr ratio (Chauvel and Jahn, 1984) .
The Tertiary volcanic rocks from the Massif Central have been widely investigated by means of the Sr-Nd-Pb isotope triptych. Investigations using Sr isotopes (Stettler and Allègre, 1979) , and Sr-Nd isotopes (Downes, 1984; Chauvel and Jahn, 1984; Briot, 1990; Briot et al., 1991; Lenoir et al., 2000; Dautria et al., 2004) indicate that the calc-alkaline and alkali magmas originated from similar magmatic sources in the lithospheric mantle and assimilated similar rocks of the continental crust. These studies showed that the rocks contain xenoliths derived from the mantle (peridotite) and the continental crust (granulite, granite gneiss, and granite). According to Stettler and Allègre (1979) , the evolution of Rb and Sr may be represented by granulite xenoliths, might be a potential contaminant candidate.
In the Sr-Nd diagram, the mixing plots indicate that saturated magmas assimilated up to 40% of deep-crustal granulite, whereas alkali-rich magmas assimilated less than 20% (Faure, 2001 isotopic ratios seem to be too low . Another contaminant may be the lower crust, through meta-igneous and meta-sedimentary granulite xenoliths  sedimentary granulite contamination in the Chaine des Puys volcanoes.
However, the samples from the Allanche basin clearly diverge from the Chaine des (1987) and Wilson and Downes (1992) . As many authors interpret the scatter of lead-isotope values in the Massif Central as being a sign of crustal contamination, the coherent variations of Pb-isotope compositions in Figure 5 clearly agree with the assimilation of lower crust as a main contaminant. Contrary to the Chaine des Puys volcanoes, where a meta-sedimentary granulite contamination is suspected by Hamelin et al. (2009) , the best candidate for a contamination end-member of the Cantal volcanoes is meta-igneous granulite (Fig. 5) .
Therefore, the presence of such volcanic rocks in the Allanche catchment is consistent with mixing between two components: one component having LVC isotope characteristics, and a second component having isotope compositions similar to meta-igneous granulite as discussed by Downes et al. (1991 (Fig. 5) shows that a mixture between these end-members explains the scattering of Pb-isotope values in the volcanic rocks of the Allanche basin, which agrees with the resulting trend observed in our data. Comparing to other data from the Cantal (Downes, 1987; Wilson and Downes, 1992) , our data show a higher degree of contamination. Pb ratios in bedrock data from the Massif Central (Downes, 1987; Wilson and Downes, 1992; Lenoir et al., 2000; Pilet et al., 2005; Hamelin et al., 2009 ; this study) with the different end-members. The Sr isotopes reinforce the lead data and their contribution to our knowledge of the volcano and its formation processes.
A C C E P T E D
The isotopic data reveal two evolutionary trends, characterized by samples from the Cantal and our data) and the Chaine des Puys Pb ratio. The roughly triangular positions of isotopic data in Fig. 9 seem to support a three-component model. When looking at the isotopic character of the rocks in relation to the mantle end-member components, the involvement of LVC and EM (I and II) can be inferred. Combining Pb and Sr isotopic data for volcanic rocks from the eastern and western volcanic provinces (Cantal, Chaine des Puys) reveals common isotopic values similar to those of LVC, followed by a contrasting divergence. The Cantal and Forez show isotopic signatures more similar to that of enriched mantle EM-I, while the Chaine des Puys is more similar to the EM-II component.
Thus, the Sr-Pb isotope diagram reveals for the Cantal basalts a variation between EMI and LVC compositions, while basalts from other areas of the Massif Central vary between the EMII and the LVC compositions. This can be modeled by calculating mixing
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
13 curves between Sr and Pb isotopes, as it was done for mantle-crust mix (Allègre, 2008) . In order to illustrate the mixing in Figure 9 , we used the characteristics of EMI and EMII that have been associated with pelagic and terrigenous sediments, recycled with, or without, oceanic crust (Allègre, 1987 Pb/ 204 Pb = 20; Pb content = 3 µg g -1 ).
A LVC-EMI-pelagic sediments mixing curve (Fig. 9 ) explains all data from the Cantal, i.e. data from Pilet et al. (2005) and this study, though our data are the most EMIcontaminated found in the Cantal. This mixing curve also fits the data from the eastern volcanic provinces of the Forez . However, sedimentary and/or igneous granulite as crustal contaminants for the Cantal basalts (Downes, 1987) do not fit the data (Fig. 9) . On the other hand testing such mixing between LVC and the different crustal contaminants as done in previous studies, (i.e. granulite, terrigenous sediments, crust)
explains well the Chaine des Puys rocks Fig. 9 ). This testifies the existence of a ca. 100-km-scale heterogeneity within the magmatic sources of the western and eastern Massif Central volcanism. Consequently, the Cantal basalts cannot be considered as homogeneous with respect to their Sr and Pb isotopic compositions, demonstrating the involvement of variable sediment contamination of their mantle sources. According to the mixing curve in Fig. 9 , the degree of contamination of Cantal basalts fluctuates between 0.3 and 1.5%.
Conclusions
We present lead and strontium-isotopic ratios together with major-and trace elements in the bedrock of a small mono-lithologic basalt basin (Allanche River, 160 km²) belonging to the are from the Chaine des Puys, the Cantal, the Forez, and the Languedoc Pilet et al., 2005; Dautria et al., 2010; Lenoir et al., 2000) . Mixing curves involving crust, pelagic sediment, sedimentary rock and igneous granulite contaminations are illustrated. A C C E P T E D M A N U S C R I P T 
